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Monocyte Count and Systemic Immune-Inflammation
Index Score as Predictors of Delayed Cerebral Ischemia
after Aneurysmal Subarachnoid Hemorrhage

Yeonhu Lee, Yong Cheol Lim

Department of Neurosurgery, Ajou University Hospital, Ajou University School of Medicine, Suwon, Korea

Objective : Delayed cerebral ischemia (DCl) is a major cause of disability in patients who survive aneurysmal subarachnoid
hemorrhage (@SAH). Systemic inflammatory markers, such as peripheral leukocyte count and Systemic immune-inflammatory index
(Sll) score, have been considered predictors of DCl in previous studies. This study aims to investigate which systemic biomarkers are
significant predictors of DCI.

Methods : We conducted a retrospective, observational, single-center study of 170 patients with SAH admitted between May 2018
and March 2022. We analyzed the patients’ clinical and laboratory parameters within 1 hour and 3-4 and 5-7 days after admission.
The DCl and non-DCI groups were compared. Variables showing statistical significance in the univariate logistic analysis (p<0.05)
were entered into a multivariate regression model.

Results : Hunt-Hess grade “4-5" at admission, modified Fisher scale grade “3-4" at admission, hydrocephalus, intraventricular
hemorrhage, and infection showed statistical significance (p<0.05) on a univariate logistic regression. Lymphocyte and monocyte
count at admission, SlI scores and C-reactive protein levels on days 3—4, and leukocyte and neutrophil counts on days 5-7 exhibited
statistical significance on the univariate logistic regression. Multivariate logistic regression analysis revealed that monocyte count at
admission (odds ratio [OR], 1.64; 95% confidence interval [Cl], 1.04-2.65; p=0.036) and SlI score at days 3-4 (OR, 1.55; 95% Cl, 1.02-2.47;
p=0.049) were independent predictors of DCI.

Conclusion : Monocyte count at admission and SlI score 3—4 days after rupture are independent predictors of clinical deterioration
caused by DCl after aSAH. Peripheral monocytosis may be the primer for the innate immune reaction, and the SlI score at days 3-4
can promptly represent the propagated systemic immune reaction toward DCl.

Key Words : Monocytes - Systemic immune-inflammation index score - Delayed cerebral ischemia - Aneurysmal subarachnoid
hemorrhage.

INTRODUCTION resources for neurointensive care units, aneurysmal subarach-
noid hemorrhage (aSAH) remains one of the most fatal cere-

. . T . . 5,10 .
Despite advances in specialized management strategies and brovascular diseases™”. Following aSAH, cerebral vasospasm
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is a possible cause of disability in those who survive the initial
hemorrhage™”. Cerebral vasospasm is primarily responsible
for the secondary ischemia (or delayed ischemic neurological
deficit), which occurs in approximately 30% of patients.
Clazosentan, an endothelin-1 receptor antagonist, is a novel
pharmacological agent that effectively decreases and reverses
cerebral vasospasm in the large major arteries. However, the
clazosentan in Aneurysmal Subarachnoid Hemorrhage trial,
which is a randomized trial of clazosentan in patients with
aSAH, failed to show improved outcomes, despite clazosentan’s
ability to reduce radiographic vasospasm'*".

Therefore, the clinical definition of delayed cerebral isch-
emia (DCI) proposed by a multidisciplinary research group in
2010 is considered to be more useful for predicting outcomes
in patients with aSAH than traditional “radiographic vaso-
spasm.” DCI is currently defined by two main outcome mea-
sures : 1) cerebral infarction identified on computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) or confirmed
at autopsy and 2) clinical deterioration with the occurrence of
focal neurological impairment or a decrease of at least 2 points
on the Glasgow coma scale, after exclusion of other causes™.

DCI is caused by multifactorial pathophysiologies, such as
large artery vasospasm, microvascular dysfunction, micro-
thrombosis, neuroinflammation, and/or excitotoxicity. These
are known to be triggered by initial injury to the brain and
propagated through mechanisms related to oxyhemoglobin,
released by erythrolysis, 2 days after SAH. Neuroinflamma-
tion and microthrombosis are considered key factors for the

production of vasoactive agents and circulatory disturbanc-
7,15,16,21)
es

Systemic inflammatory markers, such as peripheral leuko-
cyte count, have been introduced as predictive factors for
DCI™*. Mean platelet volume (MPV) and platelet counts
(PCs) are considered to reflect microthrombosis™*. However,
some of the previous studies are still based on the traditional
concept of “vasospasm.” In addition, there is a lack of consis-
tency among studies in which the laboratory test results are
reliable. Recently, the systemic immune-inflammation index
(SIT) score at admission has been introduced to predict the
outcomes of various diseases**”. Some studies have evaluated
the role of the Systemic immune-inflammatory index (SII)
from blood count at admission on predicting radiographic va-
sospasm or DCI*Y. Thus, we sampled complete blood counts

and C-reactive protein (CRP) levels on admission before treat-
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ment, 3—4 days after admission, and 5-7 days after admission
to verify which factors are reliable for predicting DCI for pa-
tients with aSAH.

MATERIALS AND METHODS

Study design and patient population

This was a retrospective, observational, single-center study
of patients with SAH admitted between May 2018 and March
2022 to a tertiary care hospital located in Republic of Korea.
This study was approved by the Ajou University Medical Cen-
ter Institutional Review Board (AJOUIRB-DB-2022-558).

In total, 244 patients with SAH were identified based on the
International Classification of Diseases, Tenth Revision (I60.XX)
codes. Patients aged <18 years, who were unable to be followed
up for 7 days, who were admitted to the hospital after 24
hours of bleed ictus, and whose SAH was associated with ar-
teriovenous malformation, intracranial arterial dissection,
mycotic or traumatic aneurysm, or infectious or autoimmune
disease at admission were excluded from this study. Aneurys-
mal SAH was confirmed using conventional angiography, and
all aneurysms were treated with either surgical clipping or en-

dovascular treatment.

Demographics and clinical parameters

The baseline characteristics of the subjects were identified
from electronic medical records. The clinical variables includ-
ed age, sex, cardiovascular risk factors (hypertension, diabetes
mellitus), aneurysm location (anterior or posterior circula-
tion), treatment modality (clip or coil), and presence of sei-
zures. Neurological status at presentation was assessed using
the Hunt-Hess grade (HHG). Radiographic characteristics at
admission were assessed using the modified Fisher scale (mFS)
and presence of hydrocephalus, intracerebral hemorrhage
(ICH), or intraventricular hemorrhage (IVH). HHG and mFS
were dichotomized for analytical purposes as follows : HHG
(“1-3” and “4-5") and mFS (“1-2” and “3—4"). Infection was
defined as newly developed infectious diseases after admis-
sion, such as urinary tract infection, pneumonia, or blood

stream bacteremia.

Laboratory parameters
We analyzed the laboratory parameters within 1 hour and



3—4 days and 5-7 days after admission. Blood specimens were
analyzed using a Beckman Coulter LH 780 (Beckman Coult-
er, Miami, FL, USA) within 30 minutes after venipuncture.
Complete blood counts, white blood cell differential counts,
MPVs, and CRP levels were evaluated. The ratio of MPV to
PC ([MPV / PC] X 100) was used as a surrogate marker for the
level of platelet activation. The SII score was calculated as fol-

lows : PC X neutrophil count / lymphocyte count.

Definition and assessment of DCI

The current clinical definition of DCI was applied in this
study : 1) cerebral infarction identified on CT or MRI or con-
tirmed at autopsy and 2) clinical deterioration with occur-
rence of focal neurological impairment or a decrease of at least
2 points on the Glasgow coma scale, after exclusion of other
causes. Focal neurological impairment includes hemiparesis,
hemiparesthesia, aphasia, apraxia, neglect, and hemianopia.
Deficits presented immediately after the aneurysm treatment
was excluded. The presence of DCI was identified by review-
ing the patients’ electronic medical records from the consen-

sus of three neurosurgeons.

Statistical analyses

Statistical analyses were performed using the R software
version 4.2.1 (R Foundation for Statistical Computing, Vien-
na, Austria). The baseline clinical characteristics between the
DCI and non-DCI groups were compared using the chi-
squared or Student’s t-test, as appropriate. Variables showing
significance in the univariate logistic analysis (p<0.05) for
predicting DCI were entered into a multivariate regression
model. Collinearity among variables was also considered in
the selection of variables. Receiver operating characteristic
(ROC) curves and the area under the curve (AUC) were estab-
lished to determine the ability of the variables to predict DCL
The descriptive performance for each variable was compared

using the DeLong test.

RESULTS

A total of 170 (105 female [62.0%]; 65 male [38.0%)]) patients
with aneurysmal SAH met the inclusion criteria (Fig. 1). The
median age at the time of admission was 56 years (range, 45—

63). History of hypertension or diabetes mellitus was observed
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in 61 (36.0%) and 16 patients (9.4%), respectively. Hydroceph-
alus, IVH, and ICH on the initial radiographic imaging were
observed in 73 (43.0%), 39 (23.0%), and 32 patients (19.0%),
respectively. Most ruptured aneurysms were located in the an-
terior circulation (94.0%) and were treated with either clipping
(24.0%) or coiling (76.0%). Infectious diseases, such as aspira-
tion pneumonia, which developed during the follow-up peri-
od and were not present at admission, were documented in 32
patients (19.0%). In total, 42 patients (25.0%) had HHGs rang-
ing from “4 to 57, whereas 141 patients (83.0%) had mFS
grades ranging from “3 to 4.” DCI was observed in 38 patients
(22.0%) (Table 1).

All patients were assigned into two groups based on the oc-
currence of DCI. DCI was significantly correlated with HHG
“4-5" at admission (19% vs. 45%, p=0.001) and with mFS
grade “3—4” at admission (80% vs. 95%, p=0.028). Patients
with DCI tended to have higher incidence rates of hydroceph-
alus (37% vs. 63%, p=0.004) and IVH (16% vs. 47%, p<0.001)
than those without DCI. In addition, some laboratory vari-
ables showed significant differences between the patients with
and without DCI (Table 1).

Univariate logistic regression analysis was performed to
evaluate the value of each parameter as a predictor of DCL
Among the clinical parameters, HHG “4-5" at admission,
mFS grade “3-4” at admission, hydrocephalus, IVH, and in-
fection showed statistical significance (p<0.05). Among the
laboratory parameters, lymphocyte and monocyte counts at

admission were statistically significant (p=0.026 and p<0.001,

Cohort from May 2018 to March 2022
244 consecutive patients with SAH

74 patients excluded

- 3 patients under 18 years old

- 15 patients admitted after 24 hours of bleed ictus

- 12 patients unable to be followed for 7 days

- 30 patients with intracranial arterial dissections or AVM
- 14 patients without identifiable vascular lesion

A4

\ 4
170 aSAH patients enrolled

{

38 patients confirmed DCI

Fig. 1. Study design with inclusion and exclusion criteria for aSAH patients.
aSAH : aneurysmal subarachnoid hemorrhage, AVM : arteriovenous
malformation, DCl : delayed cerebral ischemia.

J Korean Neurosurg Soc 67 (2) : 177-185 179



J Korean Neurosurg Soc 67 | March 2024

Table 1. Baseline characteristics of aSAH patients with and without delayed cerebral ischemia

Clinical variable

Age (years)

Sex, female

Hunt-Hess grade
<4
>4

Modified Fisher scale
<3
>3

Hydrocephalus

IVH

ICH

Aneurysm location
Anterior
Posterior

Treatment modality
Clip
Coil

Infection

HTN

DM

Seizure

Laboratory variable

At admission

Leukocyte count (10%/uL)
Neutrophil count (10%/uL)
Lymphocyte count (10°/uL)
Monocyte count (10°/uL)

NLR

Platelet count (10°/uL)

Hemoglobin (g/dL)
MPV (fL)

MPV/PC

Sli

CRP (mg/dL)

At days 3—4
Leukocyte count
Neutrophil count
Lymphocyte count

Monocyte count

56 (45-63)
105 (62.0)

10.8 (8.6-14.5)
8.56 (5.8-11.65)
1.51(0.99-2.24)
0.55 (0.40-0.72)

7 (2.8-9.5)
233 (199-274)
13.5 (12.62-14.70)
8.00 (7.53-8.60)
4(29-42)
1272 (643-2296)
0.14 (0.06- 0.38)

2(9.2-14.6)
8.98 (6.80-11.65)
1.38 (1.04-1.86)
0.72 (0.52-0.94)

o w R OB S8 o

10.6 (8.6-14.6)
747 (5.28-12.27)
199 (1.31-2.93)
0.70 (0.54-0.93)
3(1.8-83)
(183-279)
(13.03-15.10)
(7.70-8.90)
2(2.8-44)
25 (415-2218)
0.09 (0.05-0.28)

56
0
5

2
13.9
8.0
11

13.8(10.8-16.1)
11.06 (8.34-13.50)
1.27 (0.9-1.83)
0.80 (0.58-1.05)

56 (46-62)
81(61.0)

27.0)
73.0)
15.0)
36.0)
98.0)
11(8.3.0)

35(
97(
20(
47(
13(
(

10.8 (8.6-14.4)
8.62 (5.95-1.165)
140 (0.96-2.03)
0.53 (0.38-0.65)
8(31-99)
232 (201-268)
13.50 (12.47-14.53)
8.00 (7.50-8.53)
4(29-41)
1328 (685-2356)
17 (0.06-0.41)

10.9 (89-13.4)

8.31(6.51-11.20
41 (1.08-1.86)

0.70 (0.50-0.89)

0.5
0.8
0.001

0.028

0.004
<0.001

04

0.7

0.2

0.022
09
09
0.2

0.8
0.5
0.009
<0.001
0.091
0.5
0.1
04
0.7
0.2
03

<0.001

<0.001
0.2
0.081
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Table 1. Continued

Inflammation & Deteriorationin SAH | Lee Y, et al.

Total (n=170) odl p-value
Yes (n=38) No (n=132)
NLR 3 (4.3-10.8) 4(5.8-13.1) 5.8 (4.1-10.2) 0.002
Platelet count 4 (180 - 247) 215 (183-244) 214 (180-248) 09
Hemoglobin 12.10 (10.62-13.30) 11.70 (10.80-13.25) 12.20 (10.50-13.43) 09
MPV 8.20 (7.70-8.70) 840 (7.80-8.90) 8.15 (7.68-8.70) 0.2
MPV/PC 9(3.2-4.8) 0(33-49 8(3.2-48) 04
Sl 1306 (874-2494) 1666 (970-2991) 63 (841-2,178) 0.013
CRP 4(0.3-44) 8(1.0-6.7) 2(03-32) 0.005
At days 5-7

Leukocyte count 10.2 (79-12.8) 8(8.0-13.9) 9 (79-12.3) 0.085
Neutrophil count 9 (5.29-9.76) 8.95 (5.68-10.95) 6.86 (5.27-9.33) 0.044
Lymphocyte count 1.58 (1.13-2.07) 1.52 (1.10-2.15) 1.59 (1.17-2.07) 0.6
Monocyte count 0.79 (0.56-1.02) 0.77 (0.56-1.02) 0.80 (0.56-1.02) 0.7
NLR 6(2.8-7.8) .0 (3.7-94) 2 (2.6-6.6) 0.032
Platelet count 218 (178-262) 9 (176 266) 8 (179-259) 09
Hemoglobin .3 (10.10-12.40) 55 (9.95 11.30 (10.10-12.45) 09
MPV 8.00 (7.50-8.57) 8.05 (7.50-8. 60) 8.00 (7.50-8.50) 0.7
MPV/PC .7 (3.0-4.6) 7 (29-4.6) 7 (3.0-4.7) 09
Sl 991 (584-1675) 1349 (619-2044) 874 (576-1602) 0.072
CRP 1.3(0.6-2.8) 9(1.0-43) 1.1 (0.5-2.5) 0.011

Values are presented as median (range) or number (%). aSAH : aneurysmal subarachnoid hemorrhage, DCl : delayed cerebral ischemia, IVH :
intraventricular hemorrhage, ICH : intracerebral hemorrhage, HTN : hypertension, DM : diabetes melitus, NLR : neutrophil to lymphocyte ratio, MPV :
mean platelet volume, PC : platelet counts, SII : Systemic immune-inflammatory index, CRP : G-reactive protein

respectively). At days 3—4, leukocyte count, neutrophil count,
neutrophil-to-lymphocyte ratio, SII score, and CRP level were
statistically significant (p=0.005, p=0.004, p=0.005, p=0.002,
and p=0.048, respectively). At days 57, leukocyte and neutro-
phil counts were statistically significant (p=0.027 and p=0.017,
respectively) (Table 2).

Parameters with p-value <0.05, as determined by univariate
analysis, were selected for the multivariate analysis, and col-
linearity among the parameters was considered. Multivariate
logistic regression analysis showed that monocyte count at ad-
mission (odds ratio [OR], 1.64; 95% confidence interval [CI],
1.04-2.65; p=0.036) and SII score at days 3—4 (OR, 1.55; 95%
CI, 1.02-2.47; p=0.049) were independent risk factors for DCI
(Table 3).

ROC curves were demonstrated with monocyte count at
admission, systemic inflammatory index score at day 3—4,

and a combination of the two parameters (Fig. 2). Each

showed AUCs of 0.63 (95% ClI, 0.53—0.74), 0.70 (95% CI, 0.60—
0.80), and 0.75 (95% CI, 0.66—0.83) respectively, without sta-
tistically significant different on DeLong’s test (Table 4).

DISCUSSION

DCI is considered an important determinant of poor neu-
rological outcomes in patients who survive aSAH. The patho-
physiology of DCI is multifactorial, including large artery va-
sospasm, microvascular dysfunction, microthrombosis, and
neuroinflammation, among which neuroinflammation and
microthrombosis are the leading factors in the propagation of
devastating microenvironment and neuronal injury.

Laboratory data from blood samples can reflect the under-
lying pathogenesis and be used as surrogates for samples from

the central nervous system. Several systemic biomarkers, such

J Korean Neurosurg Soc 67 (2] : 177-185 181
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Table 2. Univariate logistic regression analysis to predict delayed

cerebral ischemia

Univariate analysis

Odds  95% confidence
ratio interval p-value
Clinical parameter

Age 0.99 0.96-1.02 04
Sex

Female - -

Male 093 043-194 0.8
Hunt- Hess grade

<4 - -

>4 346 1.59-7.55 0.002
Modified Fisher scale

<3 - -

>3 4.63 1.30-29.6 0.04
Hydrocephalus 290 1.39-6.26 0.005
IVH 4.76 2.17-10.6 <0.001
ICH 147 0.59-344 04
Aneurysm location

Anterior - -

Posterior 1.53 0.32-5.82 0.6
Treatment modality

Clip - -

Coil 192 0.79-545 0.2
Infection 2.58 1.10-5.92 0.026
HTN 1.05 0.49-2.21 09
DM 0.78 0.17-2.60 0.7
Seizure 2.06 0.67-5.86 0.2

Laboratory parameter

At admission

Leukocyte count 119 0.83-1.68 03

Neutrophil count 1.01 0.69-143 1.0

Lymphocyte count 146 1.04-2.05 0.026

Monocyte count 2.08 1.45-3.09 <0.001

NLR 0.86 0.54-1.24 0.5

Platelet count 117 0.82-1.68 04

Hemoglobin 135 0.93-2.02 0.1

MPV 1.15 0.80-1.65 04

MPV/PC 092 0.60-1.32 0.7

S 097 0.63-1.37 09

CRP 1.00 0.66-1.40 1.0
At days 3-4

Leukocyte count 1.84 1.25-2.89 0.005

182 https://doi.org/10.3340/jkns.2023.0182

Table 2. Continued

Univariate analysis

95% confidence

Odds

ratio interval p-value
Neutrophil count 1.86 1.26-2.91 0.004
Lymphocyte count 0.80 0.53-1.15 0.2
Monocyte count 1.00 0.60-1.38 1.0
NLR 1.68 1.20-2.51 0.005
Platelet count 1.01 0.70-145 09
Hemoglobin 1M 0.77-1.60 0.6
MPV 1.31 091-1.87 0.1
MPV/PC 1.1 0.77-1.58 0.6
Sl 1.78 1.25-2.69 0.002
CRP 1.38 1.00-1.95 0.048

At days 5-7

Leukocyte count 148 1.05-2.13 0.027
Neutrophil count 1.53 1.08-2.18 0.017
Lymphocyte count 0.95 0.65-1.36 0.8
Monocyte count 098 0.68-1.40 09
NLR 1.25 0.89-1.76 0.2
Platelet count 1m 0.77-1.59 0.6
Hemoglobin 0.98 0.68-141 09
MPV 113 0.79-1.62 0.5
MPV/PC 0.98 0.61-1.37 09
Sl 1.36 0.96-1.90 0.077
CRP 130 0.93-1.79 0.1

IVH : intraventricular hemorrhage, ICH : intracerebral hemorrhage, HTN :
hypertension, DM : diabetes melitus, NLR : neutrophil to lymphocyte
ratio, MPV : mean platelet volume, PC : platelet counts, SII : Systemic
immune-inflammatory index, CRP : G-reactive protein

as peripheral leukocytosis and differential counts, have been
7,15,16,20,

studied as predictive markers of DCI ', Particularly, pe-
ripheral monocytosis at admission has been an important fac-
tor for cerebral infarction and poor functional outcomes in
patients with SAH*”. Moreover, the systemic inflammatory
index, which comprehensively reflects the activity of neutro-
phils and platelets, is a powerful predictor of DCI'**". Howev-
er, such parameters have been studied individually and gener-
ally measured at admission; therefore, the association between
parameters and time-dependent effects on DCI has not been
sufficiently evaluated. Therefore, we sampled blood at admis-
sion, 3—4 days after the ictus (shortly before the DCI period),
and 5-7 days after the ictus (initial DCI period) and com-



Table 3. Multivariate logistic regression analysis to predict delayed
cerebral ischemia
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Table 4. Predictive values of monocyte count and SlI for delayed
cerebral ischemia

Multivariate analysis

Parameter Odds  95% confidence
ratio interval p-value

Hunt-Hess grade 0.5

<4 - -

>4 1.16 0.40-3.27 0.8
Modified Fisher scale

<3 = =

>3 1.96 047-134 04
Hydrocephalus 115 041-3.14 0.8
IVH 2.14 0.74-6.09 0.2
Infection 118 0.36-3.73 0.8
At admission

Lymphocyte count 115 0.78-1.70 05

Monocyte count 1.64 1.04-2.65 0.036
At days 3-4

Sl 1.55 1.02-247 0.049

CRP 095 0.60-1.42 0.8
At days 5-7

Neutrophil count 0.85 0.52-1.36 0.5

IVH : intraventricular hemorrhage, SII : Systemic immune-inflammatory
index, CRP : Greactive protein

1.00 [~
075 |~
=
= 050 [
3
0.25 [~ /./ Variable
/// —— Monocyte count at admission
y ——Sllatday 3
| 7 —— Combined
0.00 [~ ! ! ! !
0.00 0.25 0.50 0.75 1.00

1-specificity
Fig. 2. Receiver operating characteristic curves to identify patients with
delayed cerebral ischemia. SlI : Systemic immune-inflammatory index.

pared the predictive value of each biomarker.
In the present study, clinical predictors, such as initial
HHG, mFS grade, hydrocephalus, and IVH, had statistically

()
Parameter AUC % /o.conﬁdence p-value
interval
Combined 0.75 0.66-0.83 Reference
Monocyte count 0.70 0.60-0.80 0.189
at admission
SIl at days 3—-4 063 0.53-0.74 0.015

SII': Systemic immune-inflammatory index, AUC : area under the curve

significant predictive value for DCI, consistent with the result
of a previous study'”. Infection, defined as newly developed
infectious diseases after admission, such as urinary tract in-
fection, pneumonia, or blood stream bacteremia, also showed
predictive value in univariate analysis (Table 2). However,
when multivariate analysis was performed, clinical predictors
were found to have no statistical significance. Two laboratory
parameters that were shown to be statistically significant were
monocyte count at admission and SII score on day 3—4 after
the ictus (Table 3).

The result of the current study supports the findings of pre-
vious studies and presents a perspective that temporal infor-
mation should also be considered. In the present study, in-
flammatory markers positively correlated with DCI. In
particular, the monocyte count at admission showed statisti-
cal significance even after adjustment for other parameters,
which is consistent with the result of a previous study*”. How-
ever, the SII score showed predictive value only on days 3—4,
not at admission or days 5-7, which was different from the
findings of previous studies*”. DCI has distinct property in
that it develops in delayed manner. Pathophysiological factors,
such as oxyhemoglobin, reactive oxygen species, and pro-in-
flammatory cytokines, need sufficient time to be propagat-
ed””. Considering the immunological process from the activa-
tion of innate immunity to adaptive immunity, our data seem
plausible.

Peripheral monocytes with increased expression of toll-like
receptor 4 (TLR4) correlate with poor clinical presentation
and development of DCI”. TLR4 is an immune activator that
increases the expression of interleukin (IL)-1, IL-6, tumor ne-
crosis factor-o, and monocyte chemoattractant protein-1'2,
Peripheral monocytes expressing CC chemokine receptor 2
are thought to be recruited to the central nervous system by

the interaction between endothelial cells through CC chemo-
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kine ligand 2°. Subsequently, neuroinflammation may result
in blood-brain barrier disruption, causing pro-inflammatory
factors to be released into the systemic circulation, which leads
to the activation of the systemic inflammatory response'”. In
this perspective, the pathogenesis of DCI can be initially rep-
resented by an increased monocyte count, and the propaga-
tion of the immune response can be represented by the SII.

We hypothesize that inflammatory biomarkers, such as
monocyte count and SII score, can be helpful in neurocritical
care to estimate a patient’s risk of DCI and to determine man-
agement strategies, such as induced hypertension or angio-
plasty. Temporal information should be considered when in-
terpreting and applying inflammatory markers to predict
DCI. Although complex biochemical mechanisms have not
been directly identified, our study suggests that attention
should be paid to the progress of the immunological process
to reveal the mechanisms of DCL

However, our study has some limitations. First, this was a
single-center, observational study. Therefore, there is a possi-
bility of bias, and the findings may not be generalizable to
other clinical settings. Second, we could not identify the exact
mechanism by which initial peripheral monocytosis pro-
gressed toward the propagation of systemic inflammation.
Third, additional management-associated factors, such as to-
tal cumulative dose of nimodipine, induced hypertension,
level of sedation, or therapeutic hypothermia, were not in-
cluded in the analysis. Finally, we did not evaluate the func-
tional outcomes in patients with monocytosis or high surgical
site infection. A multicenter prospective study can verify the
causality between immunologic biomarkers and DCI, and
further experimental studies are required to identify the de-

tailed mechanisms of DCI.

CONCLUSION

Monocyte count at admission and SII score 3—4 days after
rupture are independent predictors of DCI after aSAH. Pe-
ripheral monocytosis may be the primer for the innate im-
mune reaction, and SII score on days 3—4 can promptly repre-

sent the propagated systemic immune reaction toward DCIL.
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